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CERTAIN ASPECTS I N  THE INVESTIGATION OF N O C T I L U C E N T  CLOUDS 

Ch. I. W i  1 lman 

ABSTRACT. 
noctf lucent clouds (geometry, time-space c h a r a c t e r i s t i c s ,  geo- 
graph ica l ,  gel  iophysical and in te rp lane tary  conditions 
corrr#e'ted with cloud appearance), t h e i  r physical nature  

The  paper considers t h e  question of  climatology of 

rrcteristics and op t i ca l  p roper t ies  o f  
n t r a t i o n  and t h e  br ightness  o f  n o c t i l u -  
eight, kinematic c h a r a c t e r i s t i c s  and 
ucent cloud f i e l d .  T h e  paper describes 

the a c t i v i t y  o f  t h e  World Special Geophysical Center on 
Noct i lucent  Clouds, organized i n  1964 i n  Tartu.  

n t  clouds increases  from yea r  t o  year .  
e volume and scope of works i n  t h i s  

i e t  Union and abroad. Thus, f o r  
a r s  d i r e c t  i nves t iga t ions  of noc t i l ucen t  
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This is witn 

clouds have b laser sounding of cloud fields,  a wide- 

clouds i n  the  nor thern  and southern hemispheres, e t c .  
i zed  f o r  p a t r o l l i n g  f o r  noc t i l ucen t  

A l l  t h i s  i s  t i e d  i n  with the  f a c t  tha t  the  essence o f  t h e  problem o f  
noc t i l ucen t  clouds encompasses not  only s tud ie s  of the  na tu re  and o r ig in  of  
t h i s  phenomenon as a n a t u r a l  ob jec t ;  noc t i lucent  clouds a re  a t  the  same time 
a good informational  source f o r  da ta  on the  dynamics (wave motions and turbu-  
lence) of  the  upper layers  o f  the  atmosphere, e spec ia l ly  the  mesopause. 
addi t ion ,  noc t i l ucen t  clouds represent  a sub jec t  whose s tudy may y i e l d  us 
valuable  da t a  on the  physics of  the  mesopause and perhaps t h e  mesophere and the  
thermosphere as a whole. Invest igat ions of noc t i lucent  clouds have e s t a b l i s h e d  
many f a c t s  which m u s t  f i n d  a t r u e  explanation on the b a s i s  of assumptions 
concerning the na ture  and o r i g i n  of t h i s  i n t e r e s t i n g  phenomenon and on the  
physical  processes  r e l a t e d  t o  it. Such f a c t s  a r e :  the  r e l a t i v e  r a r i t y  of  
appearances, the  almost constant a l t i t u d e ,  the  r e l a t i v e l y  low width o f  the  
d i s t r i b u t i o n  area, the  appearance bas i ca l ly  only i n  the  summer, the f a c t  t h a t  
they a r e  observed only a t  d e f i n i t e  negative he ights  o f  t he  sun,  the  multiform, 
t h i n  s t r u c t u r e  and the  heavy wave and vortex motion i n  the  cloud f i e l d ,  e t c .  

In  

However, i n  s p i t e  of a few s i g n i f i c a n t  successes i n  recent  years concerning 
t h i s  s tudy  of the  na ture  and determination of the  time-space c h a r a c t e r i s t i c s  
and kinematic parameters of these  clouds, the  problem of noc t i l ucen t  clouds 
has u n t i l  t h i s  t i m e  remained dec is ive ly  unresolved. . Thus, f o r  example, the  
physical-chemical na tu re  of the  p a r t i c l e s  forming the  noc t i l ucen t  clouds i s  only 
p a r t i a l l y  known. 
l o c a l  o r  in t e rp l ane ta ry  products) has yet t o  be  d e f i n i t e l y  es tab l i shed .  
know even l e s s  concerning the  mechanism of the  formation and climatology o f  t h i s  

The o r ig in  of  these  p a r t i c l e s  (whether they a r e  t e r r e s t r i a l ,  
We 

i n  t h e  margin ind ica t e  pagination i n  the  fore ign  text. 
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unique form of atmospheric aerosols .  
clouds includes the  following quest ions:  (a) t he  geometry and time-space 
c h a r a c t e r i s t i c s  of  the appearance of noc t i lucent  clouds ; and (b) t h e  
geophysical and perhaps a l s o  hel io-physical  and meteoric-commentary, i. e .  
i n t e rp l ane ta ry ,  conditions f o r  the  appearance of  noc t i l ucen t  clouds. 

The genera l  climatology o f  noc t i l ucen t  

The f i rs t  ques t ion  encompasses geometry, the determination of the  
a l t i t u d e  and s p a t i a l  pos i t i on ing  as w e l l  as the  durat ion time and t r u e  
frequency of appearance of t h i s  phenomenon. The second quest ion is  the  s tudy 
of  the  geophysical,  he l io-phys ica l  and in t e rp l ane ta ry  conditions before ,  
during and t i l u c e n t  clouds , i .e. t he  determination 
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ces of  noc t i l ucen t  clouds and, f o r  
thecondi t ions of  the  ionospheric  l aye r s ,  

e, the synap t i c  condi t ion i n  the lower 
atmosphere, e t c .  

In  view of t h e  fact t h a t  as na tu ra l  phenomena noc t i lucent  clouds have 
a common g loba l  charac te r ,  the  solution of these  problems ou t l ined  demands 
t h e  organiza t ion  o f  sys temat ic  observations of noc t i l ucen t  clouds according 
t o  a s i n g l e  cegjp~on pr 
on an i n t e r n a t k n a l  s 
a l s o  be  so lved  with t 
f ly ing  a p o l s  
year) .  Howev qui res  add i t iona l  study. 

l i g e n t l y  planned network of s t a t i o n s  
i l i t y ,  t h e  problems presented might 
quipped a r t i f i c i a l  e a r t h  satel l i tes  

y long time pe r iod  (no less than  one 

Geomet . The conditions of the  v i s i b i l i t y  of  noc t i l ucen t  clouds a r e  

of t w i l i g h t ,  s p e c i f i c a l l y  during the  so-ca l led  navigat ional  t w i l i g h t ,  although 
sometimes a l s o  during the  b r i g h t e r  c i v i l  t w i l i g h t  and the  l e s s  b r i g h t  
astronomical t w i l i g h t .  In  view o f  the  f a c t  t h a t  t he  absolute  time f o r  t h e  
onset  of t h e  var ious phases of tw i l igh t  throughout t he  yea r  va r i e s ,  t he  t ime 
per iod  permi t t ing  the v i s i b i l i t y  of noc t i lucent  clouds f l u c t u a t e  depending on 
the  season. Noctilucent clouds a re  of ten unseen from those poin ts  over which 
they suddenly spread. 
loca ted  hundreds of kilometers from the  po in t s  where the  clouds take form. 
In addi t ion ,  one and the  same cloud may be noted from many mutually d i s t a n t  
s t a t ions ,  which s u b s t a n t i a l l y  hinders  t he  i d e n t i f i c a t i o n  of  observat ions 
r e l a t i n g  t o  one and the  same objec t .  

r e l a t e  -T-+ t o  t e i r  geometry: they appear v i s i b l e  only during a c e r t a i n  per iod  

They can be successfu l ly  observed only from s t a t i o n s  

These and o t h e r  similar problems demand the  study o f  the  geometry of  
noc t i l ucen t  clouds; otherwise i t  w i l l  be impossible t o  c rea t e  a p i c t u r e  of 
t h e i r  t r u e  d i s t r i b u t i o n  i n  time and space as wel l  as c l a r i f y  the  dependences 
e x i s t i n g  between the  appearance of t h i s  atmospheric phenomenon and the  var ious 
f a c t o r s  of a geographic, geomagnetic, geophysical and space charac te r .  In  
addi t ion ,  t h e r e  a r e  seve ra l  extreme cases when it would seem t h a t  noc t i l ucen t  
clouds should no t  be v i s i b l e  but  have ac tua l ly  been observed. Thus, f o r  
example, i n  1958 a t  Pskov and i n  1959 at  I r g i z  noc t i l ucen t  clouds were 
observed when the  sun had sunk t o  1.7" and 1 . 2 "  respec t ive ly ,  and i n  1957 
a t  T i k s i  Bay and i n  1958 a t  Pskov i t  had reached 20.8" and 20.0" respec t ive ly  
[l]. In t h e  first case r a t h e r  dense clouds were noted which were s t i l l  
v i s i b l e  aga ins t  the  b r i g h t  tw i l igh t  background ( a t  small  angles of  the  sun ' s  

2 



sinking)  o r  were i l lumina ted  by l i g h t  s ca t t e r ed  by the  upper layers  of  the  
atmosphere (when the  sun had sunk deep). 
case of luminescence; t he  problem i s  not  y e t  c l ea r .  

I t  is  poss ib l e  t h a t  t h i s  was a 

What has been s t a t e d  shows how important is the  quest ion of the  geometry 
of  noc t i l ucen t  clouds i n  the  problem o f t h e  s t a t i s t i c a l  and c l imato logica l  
s tudy of t h i s  phenomenon. 

The time-spaee c h a r a c t e r i s t i c s  o f  noc t i lucent  clouds. The s tudy o f  
quest ions on the seasonal  and geographical d i s t r i b u t i o n  of the  phenomena - -  
of n o c t i l u  complications. These are based bn the  fact 
t h a t ,  as h earlier, as an ob jec t  of inves t iga t ion  
noc t i l ucen t  obal character, as well as the fact t h a t  ground 
ob s ervati oris 
conditions of the troposphere. 
the  v i s i b l e  and no t  the  t r u e  d i s t r i b u t i o n  of appearances of noc t i l ucen t  clouds , 

mainly by the  yea r ly  and l a t i t u d i n a l  behavior of the  t ropospher ic  cloud cover. 

clouds depend g r e a t l y  on the meteorological 
This latter f a c t  permits  us t o  determine only 

because t h e i r  observat ions a r e  d i s t o r t e d  by various sources  of samples and - /13 

B i c t u r e  of t h e  true d i s t r i b u t i o n  of t h e  
appearances o time and i n  space.  The observat ional  
material on h et this problem only p a r t i a l l y .  

ca l  and seasonal  d i s t r i b u t i o n  o f  t he  
the t e r r i t o r y  of t he  USSR were s tud ied  

on the  b a s i s  of observat ions from s t a t i o n s  i n  t h e  USSR Hydrometeorological 
Service from 1957 t o  1959 [l]. 
the  e n t i r e  p lane t  s t i l l  l i e s  before  us ,  so t h a t  below we have b r i e f l y  s e t  
some goals i n  the  handling o f  t h i s  problem. 

The so lu t ion  of  t h i s  problem on the  s c a l e  of 

A s  is w e l l  known, a t  the  beginning of the  In t e rna t iona l  Year of  the  Quiet 
Sun, a r a t h e r  dense network of observation s t a t i o n s  f o r  noc t i l ucen t  clouds 
was organized over the  t e r r i t o r y  of t h e  USSR. Throughout t h i s  t e r r i t o r y  
the re  were 206 s t a t i o n s  on the  USSR Hydrometeorological Service and 1 2  
s t a t i o n s  handled by the  All-Union Astronomical and Geodesic Society.  The 
network f o r  t hese  s t a t i o n s  was crea ted  such t h a t  it would uniformly cover t h e  
e n t i r e  po r t ion  of t h e  Soviet  t e r r i t o r y  over which noc t i l ucen t  clouds might 
appear (Figure 1 ) .  
t h e  southern-most s t a t i o n  was at Simferopol (4 = 45O01' N ) ,  
t h e  eastern-most s t a t i o n  was a t  Anadyr' (A = 177'34' E )  and t h e  western- 
most was a t  Uzhgorod ( A  = 22'16' E ) .  Thus a b e l t  23'57' wide and 
155'18' long is  encompassed by t h e  pa t ro l  s t a t i o n s ,  which averages 
out  t o  8.4 s t a t i o n s  p e r  degree i n  l a t i t u d e  and 1 .3  s t a t i o n s  p e r  degree i n  
longitude. Considering on t h e  one hand the  geometrical  condi t ions f o r  t he  
v i s i b i l i t y  of noc t i l ucen t  clouds f o r  one s t a t i o n  and the  t o t a l  number of  
s t a t i o n s  and t h e i r  d i s t r i b u t i o n  on the  o ther  hand, we may s a f e l y  say t h a t  
under favorable  meteorological conditions and conscient ious observat ions , t h e  
p r o b a b i l i t y  of recording a l l  the  appearances of noc t i l ucen t  clouds over t h e  
t e r r i t o r y  o f  the  USSR i s  c lose  t o  complete. 

The northern-most s t a t i o n  was i n  Murmansk ( 4  = 68'58' N) , J 

/ 14  The p a t r o l  s t a t i o n s  car ry  out observations from 1 March t o  1 November. - 
The essence of the  p a t r o l  observations is t h a t  during the  medium and dark 
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phases of tw i l igh t  the  observer carefu l ly  scans t h e  sky every 15 minutes with 
the  ob jec t  of e s t ab l i sh ing  the  presence o r  absence of  noc t i l ucen t  clouds and 
recording the  s t a t e  of  the  general  cloud cover. The observat ions take p l ace  
under a l l  meteorological condi t ions.  U n t i l  recent  years ,  t he re  was very 
l i t t l e  da ta  on the appearance of noct i lucent  clouds i n  the  Western Hemisphere. 
Recently Fogle organized a network o f  pa t ro l  s t a t i o n s  across  t h e  t e r r i t o r y  
of North America [ Z ] .  According t o  h i s  data ,  i n  1964 there were already 
91 p a t r o l  s t a t i o n s  p a r t i c i p a t i n g  throughout North America (Figure 2) .  

Figure 1. 
o f  Noctilucent Clouds over t he  Te r r i t o ry  of t he  USSR. 

Dis t r ibu t ion  of S ta t ions  f o r  Visual P a t r o l l i n g  

If w e  t ake  i n t o  account the  patrol  s t a t i o n s  which have been organized on 
the  B r i t i s h  Isles, i n  the  Scandinavian countries and i n  Central  Europe ( the  
Pol i sh  People 's  Republic, the  Czechoslovakian Soviet  Republic and o the r s ) ,  we 
may now speak i n  terms of  t h e  more o r  less systematic  observat ion of 
noc t i l ucen t  clouds i n  the  Northern Hemisphere. 
mutually agreed program of  observations and the  organized i n t e r n a t i o n a l  
exchange of observat ion da ta ,  such a network of s t a t i o n s  w i l l  i n  the nea r  
f u t u r e  permit us t o  reach so lu t ions  i n  t h e  quest ions of t h e  time-space 
c h a r a c t e r i s t i c s  o f  the  appearance of noct i lucent  clouds i n  the  Northern Hemis- 
phere. 

In  accordance with a s i n g l e  

What i s  e spec ia l ly  i n t e r e s t i n g  i n  terms o f  t he  s tudy of the  formation of  
noc t i l ucen t  clouds i s  the  quest ion of  whether or n o t  t h e  zone of appearance 
f o r  such clouds i s  determined by geographic o r  geomagnetic l a t i t u d e s .  
l e s s  important i s  the  quest ion of the  extent of t h e  cloud f i e l d s .  Thus, f o r  

No 
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example, on the  n igh t  of 3/4 Ju ly  1959, noct i lucent  clouds were observed along 
the  northern horizon f o r  more than 180" i n  longitude (from A = 118" E t o  
A = 63' W) [3]. The quest ion of whether t he  ob jec t  o f  observations was a 
s i n g l e  cloud which d r i f t e d  with tw i l igh t  from east  t o  west o r  whether t h e  
e a r t h ' s  sphere had been covered with a b e l t  of noc t i lucent  clouds i s  o f  g rea t  
i n t e r e s t .  

Figure 2 .  D i s t r ibu t ion  o f  S ta t ions  f o r  t h e  Observation 
of Noctilucent Clouds over the T e r r i t o r y  of North America. 
1 - Sta t ions  opened i n  1963; 2 - S t a t i o n s  opened i n  1964. 

The s i t u a t i o n  i n  terms of the observation o f  noc t i l ucen t  clouds i n  the  
Heretofore t h e r e  have 

- /15 
Southern Hemisphere is  s u b s t a n t i a l l y  less promising. 
been no publ ished d a t a  on t h e  observations o f  t h i s  phenomenon i n  the  Southern 
Hemisphere and only r ecen t ly  have a f e w  notes appeared. 
material i s  q u i t e  s ca rce ,  we have dwelt upon t h e s e  observations l a t e r  i n  t h i s  
ar t  i cle  . 

Because d e t a i l e d  

Wo-rk [4] descr ibes  two cases of observations of noc t i l ucen t  clouds i n  t h e  
Antarct ic  and i n  Mirnyy by t h e  members of a Czechoslovakian group i n  an 
Antarct ic  expedition. 
1958. A small (20x20') f i e l d  was observed 35' above t h e  horizon. The d i r ec t ion  
o f  motion ran from t h e  North-West t o  South-East and t h e  v e l o c i t y  o f  motion f o r  
t he  f i e l d  was around 98  m/sec. I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  along with the 
noc t i l ucen t  clouds, t h e  aurora b o r e a l i s  was a l s o  observed above t h e  northern 
horizon. 
on 13 May 1959, when they appeared around t h e  zeni th  region and slowly moved 
t o  the  southwest. 

The f irst  case r e l a t e s  t o  the appearance o f  2 8  March 

I n  the  second case i n  Mirnyy the noc t i l ucen t  clouds were observed 
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I n  [SI, Mrkos notes t h a t  i n  1958 i n  the  Antarc t ic  he observed noc t i lucen t  
clouds f o r  s eve ra l  n ights  and t h a t  i n  color  and morphological s t r u c t u r e  they 
were i n  no respect  d i f f e r e n t  from noct i lucent  clouds which he  had observed i n  
Europe. 
on board t h e  expedi t ion vesse l  i n  the  Southern Hemisphere a t  a l a t i t u d e  o f  
4 = 37' S. 
by Mrkos, the noc t i lucen t  clouds i n  the Antarctic were observed i n  the  form 
of r a d i a l  b e l t s  emanating from a p o i n t  located above t h e  northern horizon. 

Mrkos had a l s o  conducted observations of noc t i lucent  clouds from 

I t  i s  i n t e r e s t i n g  t o  note  a lso t h a t  according t o  the  da ta  of fe red  

In the  work by Paton [3] t h e r e  i s  a l so  a note  concerning the  1962 obser- 
va t ions  of noc t i l ucen t  clouds by a certain Holman  i n  the upper southern 
l a t i t u d e s  from on board a vessel. 

In 1964 Fogle organized a network of  patrol  observat ions of noc t i l ucen t  
clouds i n  the  Southern Hemisphere on the b a s i s  of l oca l  meteorological 
s t a t i o n s .  According t o  h i s  da ta ,  t he  s t a t i o n s  t o t a l l e d  53 (Figure 3) and 
encompassed the  geographic zone between 45 and 90' S. The r e s u l t s  of the  
observat ions from these  s t a t i o n s  have yet t o  be  published. 

Figure 3. Dis t r ibu t ion  of S ta t ions  f o r  Observing Noctilucent 
Clouds i n  the  Southern Hemisphere. 
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In  December of  1964 Fogle organized a s p e c i a l  expedi t ion i n  the  Southern 
The observat ions were conducted Hemisphere f o r  observing noc t i lucen t  clouds. 

f o r  t h ree  months i n  Chile,  a t  Punta-Arenas. In November o f  1965 Fogle 
obtained a photograph of noc t i l ucen t  clouds i n  the  Southern Hemisphere ( i n  
Punta-Arenas). 

P a t r o l  observa;cions in the  Southern Hemisphere have t o  be developed 
as much as poss ib le ,  both on land and aboard vesse l s  c r u i s i n g  i n  t h e  upper 
southern l a t i t u d e s .  

No less &@or€aAt for t h e  climatology of noc t i l ucen t  clouds are t h e  time 
The general  s ta t is t ics  on a l l  ava i l ab le  charac te r i s tkasnof  thek r  appearance. 

obse rva t iond l  al i d e a t e  that t h e  appearance of noc t i l ucen t  clouds is  
l i m i t e d  t o  tld r season with its  maximum i n  J u l y  ( i n  the  Northern 
Hemisphere). In addi t ion ,  simultaneous examination o f  the d i s t r i b u t i o n  of 
noc t i l ucen t  cloud appearances i n  time and space shows t h a t  the  f a r t h e r  nor th  
w e  go, the  l a t e r  t he  da t e  f o r  the  maximum number of  t hese  cloud observations.  
More d e t a i l e d  ana lys i s  of t he  time d i s t r i b u t i o n  o f  t h e  appearances of such 
clouds is given i n  El]. 

'that the winter appearance of nocti l izcent clouds i s  o f  
we know of  only two such cases. 

n t  clouds were observed over  t h e  north- 
western horizon i n  Czechoslovakia ($  = 49.2' N and A = 20.2' E) [ 6 ] .  
v i s u a l  and pho toe lec t r i c  observations were conducted. 

Both 

On 15 February 1962 Lepp observed noc t i lucent  clouds over the  northern 
horizon i n  the  Estonian SSR (4  = 58.8" N and A = 25 .3 '  E)  ( f o r  negat ive he ights  
o f  the  sun from 11'12' t o  11'5S1) [7]: 
obtained. 
s e r ious  a t t e n t i o n  t o  such phenomena inasmuch as here tofore  it had been assumed 
t h a t  noc t i l ucen t  clouds could appear only i n  the  summer. 

: /16 - Eleven photographs were 
The cases descr ibed show t h a t  i n  t h e  f u t u r e  w e  w i l l  have t o  give 

The geographic, hel io-physical  and in t e rp l ane ta ry  conditions r e l a t e d  t o  
t h e  appearances of noc t i l ucen t  clouds have as y e t  been almost e n t i r e l y  unstudied. 
In  the  l i t e r a t u r e ,  only the  r e s u l t s  of a few at tempts  t o  f i n d  a r e l a t ionsh ip  
between the appearances o f  noc t i l ucen t  clouds and o t h e r  phenomena i n  the  
atmosphere have been published. Thus, f o r  example, t he re  a re  seve ra l  works 
by N .  I. Grishin concerning the  r e l a t ionsh ip  between t h e  appearances of 
noc t i l ucen t  clouds and the  motion of anticyclones i n  the  troposphere [&lo] .  
In  [ l l ] ,  Rosinski and P i e r r a r d  examined the quest ion o f  t h e  appearance of  
noc t i l ucen t  clouds with respec t  t o  the  c lus t e r s  o f  micrometeors i n  the  meso- 
pause. There a r e  a l so  some da ta  on t h e  r e l a t ionsh ip  o f  t he  appearances o f  
noc t i l ucen t  clouds t o  s o l a r  a c t i v i t y  (for example, t h e  work by Bezrukovaya, 
which is i n  p re s s ,  and the  work by Vasil 'yev).  

I t  is s t i l l  hard t o  say  which of these might be c l o s e r  t o  the  r i g h t  
t r ack .  However, i t  i s  q u i t e  c l e a r  t h a t  the  mechanism f o r  the  formation of 
noc t i l ucen t  clouds cannot be same s o r t  of i s o l a t e d  process unre la ted  ( d i r e c t l y  
o r  i n d i r e c t l y )  t o  o the r  phenomena i n  the atmosphere of  our  p l ane t .  
we s t i l l  do no t  know t h e  mechanism of  the formation of these  clouds,  f ind ing  

And because - /17 
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any c o r r e l a t i o n  between the  appearances the noc t i l ucen t  clouds and he l io -  
geophysical phenomena could be the  key t o  solving t h i s  problem. 

The physical  na ture  of noc t i l ucen t  clouds. By t h i s  we mean the  phys ica l  
and chemical c h a r a c t e r i s t i c s  and o p t i c a l  p rope r t i e s  of  t he  p a r t i c l e s  forming 
the  noc t i l ucen t  clouds as w e l l  as the  concentration and volume dens i ty  of  
p a r t i c l e s  in the cloud f i e l d  as a whole and i n  i t s  ind iv idua l  s t r u c t u r a l  
d e t a i l s  , the absolute b r i l l i a n c e  and the  thickness  o f  t hese  d e t a i l s .  
Obviously, these  da ta  can be obtained through o p t i c a l  observa t ions ,  rocket 
i nves t iga t ions  within t h e  cloud f i e l d  and laser sounding. 

c h a r a c t e r i s t i c s  and optical properties of  t h e  
sthe n a t u r e  of noc t i l ucen t  clouds may b e  obta ined  . Unfortunately, we have as y e t  obtained only 
StBrmer f l Z ]  f i r s t  obtained the  s p e c t r a  of  

noc t i lucent  clouds i n  1932. 
lucent  clouds i n  no way d i f f e r e d  c l e a r l y  from t he  spectrum of t h e  sky. 
1951 N . I .  Grishen obtained,several  dozen s p e c t r a  for noc t i lucen t  clouds wi th in  
the  range X = 4000 - 6800 A [13], according t o  which on the  curve of the  

the spectrum i x  m a x i m a  wege found: t h r e e  very 
portion (XI = 4230 1, h 2  = 4480 A,  h 3  = 4630 A), two 

ra. 
According t o  h i s  da ta ,  the  s p e c t r a  of  the  noc t i -  

In  

= 5000 A, As = 5300 i) and a broad, 

6500 i), t h e  inc rease  i n  the  b r igh t -  

ness of t h e  noc t i l ucen t  clouds being accompanied by an increase  i n  the  
maxima X 2  and X6. However, it has been d i f f i c u l t  t o  g ive  a d e f i n i t i v e  answer 

t o  the  p o s s i b i l i t y  of photoluminescence i n  noc t i l ucen t  clouds i n  terms o f  
these  s p e c t r a  ( t h i s  i dea  was f irst  expressed as long ago as 1924 by 1.1. 
P u t i l i n  [14]).  

4 weak ones i n  

The s p e c t r a  obtained by N . I .  Grishen were a l s o  processed by Vestine and 
Deirmendjian [15].  
the  ma te r i a l  cons t i t u t ing  the  noc t i lucent  clouds along the  s p e c t r a  and with 
the  l i g h t  d i spers ion  angle and a r r ived  a t  these  conclusions: a )  t h e  d ispers ive  
power o f  the  p a r t i c l e s  forming the  clouds is  c lose  t o  the  Rayleigh law (A-4); 
and b)  i f  w e  assume t h a t  these  p a r t i c l e s  a r e  d i e l e c t r i c  s heres  with a 
r e f r a c t i v e  index of m = 1.33, t h e i r  r a d i i  equal r = 4-10-g cm. 

They s tud ied  t h e  behavior of  the  d ispers ive  a b i l i t y  of 

According t o  the  determination of  the yellowness of  t he  noc t i lucent  
clouds, V.V.  Sharonov came t o  the  same conclusion, s p e c i f i c a l l y  t h a t  the  l i g h t  
d i f fus ion  by the  mater ia l  cons t i t u t ing  these clouds occurs b a s i c a l l y  i n  
accordance with Rayleigh's law [16]. 

A very important method f o r  obtaining da ta  on the  na tu re  o f  noc t i l ucen t  
clouds is  t h e  measurement of the  po la r i za t ion  o f  the  luminescence of  t he  
cloud. 
wel l  as abroad [17-211. Results of these inves t iga t ions  show t h a t  the  
p a r t i c l e s  forming these  clouds have dimensions on the  order  of 10-5 cm. 
value w a s  obtained for various appearances and independent assumptions on 
the  mater ia l  composition of t he  p a r t i c l e s ,  i . e .  whether they were the  productsof  

Many such inves t iga t ions  have been conducted i n  the  Soviet  Union as 

This 
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sublimation of water vapor a t  m = 1.33 o r  of mineral dust  p a r t i c l e s  (Si02) 

with m = 1.55. Table 1 shows more prec ise  r e s u l t s  on the  measurement of 
p a r t i c l e s  obtained through po la r i za t ion .  

TABLE 1 

e attempts t o  observe t h e  e f f e c t  of a change 
t i c k s  during an appearance have y ie lded  no accurate  
ts 21s t o  make the conclusion t h a t  t h e  p a r t i c l e s  
lauds have during the  time of t h e i r  ex is tence  

remained b a s i c a l l y  unchanged or t h a t  such a change was below the  l i m i t s  of 
accuracy f o r  the  method used. A t h i r d  va r i a t ion  i s  a l s o  poss ib l e :  i f  the  
dimensions of  the p a r t i c l e s  increases  as a r e s u l t  of  sublimation of water 

change i n  po la r i za t ion  because the  e f f ec t ive  r e f r a c t i v e  index would decrease 
and a change i n  the  p a r t i c l e  dimension would be impossible t o  observe. 

vapor around a s o l i d  nucleus (green),  t h i s  would r e s u l t  i n  no not iceable  - / I 8  

Along with t h i s  t he re  are the  references by 0. B.  Vasil 'yev t o  the  f a c t  
t h a t ,  using po la r i za t ion 'obse rva t ions ,  he succeeded i n  observing changes i n  
the  dimensions of p a r t i c l e s  with the  course of time [20 ] .  
the  small  number of such observat ions,  t h i s  f a c t  cannot be considered as 
f i rmly  e s t ab l i shed ;  however, i f  w e  take i n t o  account t h a t  the  p a r t i c l e s  a r e  
formed on t h e  spo t  as a r e s u l t  of the  sublimation of water vapor,  it i s  
na tu ra l  t o  assume t h a t  there  i s  such a change i n  the  dimensions of  t he  
p a r t i c l e s .  

Taking i n t o  account 

Photometric observation a l s o  lead t o  the  same r e s u l t s  concerning the  
dimensions of the p a r t i c l e s .  Ch. I .  Willmann has determined the  l i g h t  s c a t t e r -  
ing index f o r  noc t i lucent  clouds [19]. The i n d i c a t r i x  obtained from obser- 
va t ions  was compared with the  theo re t i ca l  i n d i c a t r i c e s  of  weakly r e f r a c t e d  
p a r t i c l e s .  The b e s t  agreement was obtained with an i n d i c a t r i x  f o r  p a r t i c l e s  

m I-) = 1.6 (r equals the  p a r t i c l e  radius and X equals  the  wavelength). This 

means t h a t  i n  the  given case the  order  o f  value f o r  the  p a r t i c l e  dimension i s  
reached i n  the  sane way a s  i n  polar imet r ic  i nves t iga t ions .  
methods y i e l d  a more o r  less i d e n t i c a l  answer concerning the  p a r t i c l e  dimensions, 
but the  ques t ion  remains open as t o  the mater ia l  content of  t hese  p a r t i c l e s ,  

2rr 
x 

Thus, o p t i c a l  
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and t h i s  quest ion i s  v i t a l  f o r  the  understanding of t h e i r  na ture  and the  causes 
and dynamics of  noc t i l ucen t  cloud.,formations . Therefore,  rocket inves t iga t ions  
could s u b s t a n t i a l l y  complement and develop t h e  so lu t ions  t o  t h i s  quest ion.  

Such experiments were conducted j o i n t l y  by researchers  i n  Switzerland 
and the  USA f223 .  
Rocket with the necessary equipment i n to  a f i e l d  of  noc t i l ucen t  clouds. 
experiment w a s  conducted on 11 August 1962 a t  t he  Swiss Launch S i t e  of 
Kronogard. 
ground s t a t i o n s  i n  Switzerland. 

They succeeded i n  achieving t h e  launch of the  Nike-Cajun 
This 

The noc t i lucent  clouds on t h i s  n ight  were observed by seve ra l  
An i d e n t i c a l  experiment was conducted e a r l i e r  

base, bu t  without noctilucent clouds. 

l iy  prepared and thought out .  
.., 

The apparatus 
timed only on t h e  ascending phase of the  

a l t i t u d e  of 75 t o  98 km. To e l imina te  
poss ib le  s i d e  admixtures which might have remained i n  t h e  containers  during 
t h e i r  laboratory prepara t ion  o r  which might have d i f fused  the re in  during the  
rocke t  f l i g h t ,  one similar conta iner  w a s  not  opened i n  the  clouds and served 
as cont ro l  during processing of t h e  probes obtained by the  o the r  container .  
P r o  cess ing  probas ,WE done w i f i  a mass-spectrometer, an electromicro- 
scope and o aboratory means. 

On the of the results of ana lys is  o f  the  experiments conducted, 
sscribed i n  greater d e t a i l  i n  [22-281, we may make the  follow- 

of the  p a r t i c l e s  making up t h e  noc t i lucent  
/19 - which have 

ing conclusions: 1) t h e  nuc le i  
clouds are of extra terrestrial  o r ig in ;  2) t he  d i s t r i b u t i o n  of these  nuc le i  
i n  terms of dimensions follows the  exponential  law N = Ad-P, where 3 < p < 4 ;  
3) t h e  lower l i m i t  f o r  the  d i s t r i b u t i o n  of nuc le i  according t o  dimensions i s  
r a t h e r  c l e a r l y  c-it o f f  around 5 ~ 1 0 - ~  cm; 4)  a s u b s t a n t i a l  number o f  p a r t i c l e s  
co l l ec t ed  were covered with i c e  when captured; 5) t he  number of  p a r t i c l e s  
caught during f l i g h t  i n  the  noc t i lucent  clouds was lo3 g r e a t e r  than t h e  number 
obtained where the re  were no noc t i lucent  clouds; 6) the  concentration of 
p a r t i c l e s  along a v e r t i c a l  column i n  the  f i e l d  of the  noc t i l ucen t  clouds was 
g r e a t e r  than 8-1O1O p a r t i c l e s  p e r  1 m 2 ;  and 7)  i f  we take i n t o  account t h a t  t he  
volume dens i ty  of the  p a r t i c l e s  decreases exponent ia l ly  with a l t i t u d e ,  t h e  
thickness  of t he  cloud f i e l d  during the  experiment was equal t o  approximately 
2 km. 

Very i n t e r e s t i n g  r e s u l t s  were a l s o  obtained i n  the  s tudy of  t he  chemical 
composition of  t he  p a r t i c l e s  obtained. 
composed of  Fe and N i  with the Ni/Fe r a t i o  equal t o  - 0.15. 
s eve ra l  p a r t i c l e s  had Fe and S i ,  S i  and Ca i n  t h e i r  compositions; p a r t i c l e s  
were a l s o  found which cons is ted  s o l e l y  of Fe o r  S i .  As can be seen,  these  
p a r t i c l e s  a r e  c l o s e r  i n  chemical composition t o  meteoric mater ia l s  (such a s  
kamicite,  t a n i t e  and Schre ibers i te )  than dust  p a r t i c l e s  of  t e r r e s t r i a l  o r ig in .  

I t  was found t h a t  they a r e  b a s i c a l l y  
In addi t ion ,  

The da ta  confirming the  ex is tence  of water i n  noc t i lucent  clouds a r e  
q u i t e  valuable  f o r  c l a r i f y i n g  the  question of  the  o r ig in  of t hese  clouds. An 
experiment e spec ia l ly  arranged with t h i s  ob jec t  has shown t h a t  during the  
f l i g h t  through the  cloud f i e l d ,  for each 1 cm2 of  probed su r face ,  1 5.10'6 g 
water were co l lec ted .  I f  we take  i n t o  account t he  f a c t  t h a t  4 -10 i ce -  4 
covered p a r t i c l e s  were recorded p e r  1 cm2, approximately 3.10- i3 g water can 
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be a t t r i b u t e d  t o  each such p a r t i c l e .  

The volume densi ty  and ef fec t ive  thickness of  t he  various components of  
t he  noc t i l ucen t  cloud f i e l d .  Through absolute  photometry , severa l  authors 
have determined the absolute  br ightness  of var ious f ea tu res  of the  cloud 
f i e l d  [19, 20, 29 and 303. Table 2 gives the  r e s u l t s  for the  determination 

r of var ious appearances. 

TABLE 2 

. 

. B . Vasi w e  
V. V . Sharaiov 
Ch . I .Wi l fmn  

1T 

1 1  

Note. Brightness i s  expressed i n  s o l a r  u n i t s ,  i . e .  it is  the  br ightness  
of an absolu te ly  white screen pos i t ioned  normally with respec t  
t o  s o l a r  rays on the  edge of t he  e a r t h ' s  atmosphere. 

As can b e  seen from the  da ta  presented,  the  br ightness  of  noc t i lucent  
clouds va r i e s  wi th in  a r a t h e r  broad range as a funct ion of  the  i n t e n s i t y  o f  
t he  cloud f i e l d  f o r  t he  given appearance and the  s c a t t e r i n g  angle f o r  a 
given po in t  whose br ightness  has been determined. In a l l  p robab i l i t y ,  such 
a v a r i a t i o n  of br ightness  i s  pr imar i ly  conditioned by t h e  concentrat ion of 
p a r t i c l e s  , which might vary f o r  d i f f e r e n t  appearances. We may a l s o  assume 
t h a t  the  e f f e c t i v e  thickness  o f  the  cloud l aye r  i s  not  constant f o r  d i f f e r e n t  
appearances and, of course, d i f f e r s  f o r  d i f f e r e n t  s t r u c t u r a l  shapes i n  t h e  
cloud f i e l d .  However, changes i n  the  cloud thickness  t o  such a degree as 
might y i e l d  a v a r i a t i o n  i n  br ightness  of t h e  f i f t h  o r  s i x t h  order  a r e  very 

p a r t i c l e  dimensions f o r  var ious appearances as the  chief  cause of such a wide 
/ 20 improbable. I t  is a l so  sca rce ly  poss ib le  t o  consider the  v a r i a t i o n  i n  the  - 

range i n  br ightness  changes. 

Judging according t o  the shape of the i n d i c a t r i c e s  obtained, 
ness of  a given f ea tu re  i n  the  cloud f i e l d  may vary as a funct ion 
s c a t t e r i n g  angle ( f o r  0" - -  < 9 c 90") only wi th in  the  limits of  two 
value. 

the  b r i g h t -  
o f  t h e  
orders  of 

In  the  f i n a l  ana lys i s ,  t h e  br ightness  o f  noc t i lucent  clouds s a funct ion 
L o f  a l l  t he  f a c t o r s  s t a t e d  above. These f a c t o r s  (with the  exception of t h e  

s c a t t e r i n g  angle) ,  i n  t u rn ,  a r e  functions of the  physical  conditions f o r  the  
formation (accumulation o r  formation) of aerosols  cons t i t u t ing  the  noc t i l ucen t  
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clouds. Thus, the  r e s u l t s  i n  the  determination of  t he  br ightness  of  noc t i lucent  
clouds may y i e l d  valuable  da ta  concerning t h e i r  physical  na ture  as wel l  as the  
mechanism of formation. 

Crape . . . . . . .I *33 

Sharp c r e s t  . . . . 1.52 
Vortex . . . . . . . 2.02 
Vortex core . . - 3.60 

Weak c r e s t  . . . . 

.j 

Such attempts have i n  f a c t  been made. The volume densi ty  of p a r t i c l e s  

Tables 3 and 4 
c o n s t i t u t i n g  noc t i l ucen t  clouds and the  e f f e c t i v e  thickness  of  t he  various 
s t r u c t u r a l  shapes f o r  the  cloud f i e l d  have been determined. 
p re sen t  some r e s u l t s .  

0. 18 
0.45 
1-70 
2 25 
4-00 --- 

I 
1 '  

TABLE 3 

TABLE 4 

The values  given i'h Table 4 were obtained by Ch. I .  Willmann [19] 
photometr ical ly  from the  appearance of noc t i lucent  clouds on 15/16 Ju ly  1959 

m. and were proven i n d i r e c t l y .  To t h i s  end, t h e  formula 

1 2  



I 

. 

was developed, where bo is the  measured t o t a l  b r ightness  of  a given p o i n t ,  - / 2 1  
bs is the  b r igh tness  of the t w i l i g h t  sky at the  same s p o t  without noc t i l ucen t  

clouds, y i s  the  proposed s o l i d  angle i n  which d i r e c t i o n  the  b a s i c  flow o f  
t h e  p a r t i c l e s  of s c a t t e r e d  l i g h t  a r e  d i rec ted ,  % and a 

s c a t t e r i n g  
n is  the n er unit volume and N is t h e  number of 
p a r t i c l e s  f a given diameter i n  t h e  same volume. The 
number n is 
s tandard  atmosphere wi th in  the l i m i t s  from 70 t o  700 km over the  e a r t h ' s  
sur face .  The ca lcu la ted  p a r t i c l e  concentration and e f f e c t i v e  thickness  of the  
var ious s t r u c t u r a l  shapes were obtained f o r  the  same order  as was shown i n  
Tables 3 and 4 respec t ive ly .  

are t h e  l i g h t  
lJ 

oud p a r t i c l e s  and air molecules r e spec t ive ly ,  

ion  of t h e  clmsity function according t o  a 

9 = 64.9O N and X = 148.1° W), Orlando 
E] and Tqrs ta  (4 = 63.3' N and X = 14.5 '  E) 

conduct ea-' sounding of t h e  mesophere 
laser ( A  = 6943 A). 
ly with t h e  appearance of noctilucent 

Although these  clouds were observed v i s u a l l y  over t h e  nor thern  

The soundings were 

clauds [31]. 
horizon (severa l  hundred ki lometers  from t h e  sounding po in t s )  and the  soundings 
were c a r r i e d  out i n  the  zeni th ,  i t  was nevertheless  poss ib l e  t o  assume t h a t  
t h e  heavies t  l aye r ,  from which the  l a s e r  beam was r e f l e c t e d ,  w a s  a t  a l e v e l  of 
a l t i t u d e  around 80 km. However, ac tua l ly  t h e  most powerful s i g n a l s  were 
obtained from the  l aye r  located a t  around 70 km. 
i n  the  presence of noc t i lucent  clouds, s igna ls  were obtained from the  l a y e r  a t  
80-88 km, t hese  s igna l s  being more powerful than those r e f l e c t e d  from o t h e r  
a l t i t u d e s .  In t h i s  case,  t he  o p t i c a l  thickness of the  80-88 km l aye r  appeared 
t o  be equal  t o  4:10-'. This value exceeds the  value determined by Ludlum i n  
[32] (2.10- 6 ), but corresponds s u f f i c i e n t l y  wel l  with t h e  values obtained by 
Willmann ( 2 . 4 -  from photometric observations o f  noc t i lucent  clouds during 
the  appearance of 15/16 J u l y  1959. 
of  the  l a y e r  loca ted  a t  an a l t i t u d e  of approximately 80 km was equal t o  (1.0 * 
* 0.2)  - l o -?  f o r  a l l  the  l a s e r  determinations,  when the  noc t i l ucen t  clouds were 
observed v i sua l ly .  

Then on 16/17 August i n  Tors ta ,  

The mean values f o r  the  o p t i c a l  thickness  

This was the  f irst  attempt t o  use l a s e r  technology t o  s tudy noc t i lucen t  
clouds. I n  a l l  p robab i l i t y ,  such a method w i l l  be usefu l  i n  f u t u r e  i n v e s t i -  
ga t ions  of noc t i l ucen t  clouds,  espec ia l ly  a t  s o l a r  a l t i t u d e s ,  when these  clouds 
cannot be observed v i sua l ly .  

The a l t i t u d e ,  kinematic c h a r a c t e r i s t i c s  and dynamics o f  t h e  noc t i l ucen t  
c l o u d - f i e l d .  
of  using the  r e s u l t s  of  s t u d i e s  of noct i lucent  clouds f o r  studying the  upper 
layers  of the  atmosphere. The multiform morphological s t r u c t u r e  of  t he  cloud 
f i e l d  and i t s  changes permits us t o  t rack the  complex dynamic processes  (wave 

The questfions discussed are some of the  most chal lenging i n  terms 
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motions, s t r u c t u r a l  flows and turbulence) occurr ing i n  the  mesopause. When 
compared with o the r  means, t h i s  method of s tudying var ious types of motion i n  
the  noc t i l ucen t  cloud f i e l d  has a subs t an t i a l  advantage, namely t h a t  
noc t i l ucen t  clouds occupy an a rea  of several  thousand and sometimes mi l l i on  
square kilometers and a r e  v i s i b l e  f o r  hours. 
dynamic processes  i n  the mesopause for a r a t h e r  long while and a t  the  same 
time over broad @seas. . 

This permits  t racking the  

Nor is  the  s tudy  of var ious types o f  motion i n  a noc t i l ucen t  cloud f i e l d  
l imi t ed  only t u  the s tudy  of the  dynamics of t h e  mesopause, bu t  i n  a l l  

e i n t e r p r e t a t i o n  of various phenomena occurr ing 
tudy of m t i o n s  r e l a t e d  t o  turbulence i n  the  
understanding of t h e  dynamics of t h e  upper layers  

To s tudy the dynamics (espec ia l ly  wave motions) of  a noc t i lucent  cloud 
f i e l d ,  we need information on t h e  height and kinematic cha rac t e r  of these  
clouds,  as wel l  as da ta  on the  wind and temperature i n  t h e  mesopause. 
f i rs t  of t h e s e  may be obtained from base observa t ions ,  aerophotogrammetry 

The - /22 
- . ~  _ _  ~ 

&etrx has a l re@y been: used several I 

no c t i  l ucen t  d i n  the  mesopause ( see ,  for example, 
t he  a r t i c l e  co l l ec t ion ) .  No less important a r e  t h e  

_ _ _ _ _  --___ 
a t i o n  both  on t h e  a l t i t u d e  of t h e  

of wave motions o f  noc t i l ucen t  clouds 
i n t  [34]. We plan  the  fu tu re  use  of 

both of  t hese  methods and the  b a s i c  slow-motion photographing of noc t i l ucen t  
clouds. 

The equidensi tometr ic  method discussed i n  [35] may a l s o  be used i n  the  
study of var ious types of  motion i n  the  cloud f i e l d s .  
grams obtained from many sequent ia l  photographs of noc t i l ucen t  clouds y i e l d s  
information on the s h i f t i n g  of cloud masses i n  t h e  cloud f i e l d s .  

The s tudy o f  i sodens i to-  

Along with the  accumulation o f  fac tua l  da t a  on the  kinematic c h a r a c t e r i s t i c s  
of  noc t i l ucen t  clouds and the  wind and temperature i n  the  mesopause, it i s  
des i r ab le  t o  conduct t h e o r e t i c a l  works as well on quest ions r e l a t i n g  t o  the  
dynamics of the  noc t i l ucen t  cloud f i e l d .  There have been few such works t o  date .  
Haumitz  [36] has considered seve ra l  problems concerning the  wave motions of 
noc t i l ucen t  clouds. In  h i s  work, the waves f o r  these  clouds were in t e rp re t ed  
as g r a v i t a t i o n a l .  

The work of  t he  Special  World Geophysical Center (SWGC; Russ, MSGTs) on 
noc t i l ucen t  clouds. The SWGC on noct i lucent  clouds was c rea ted  i n  1964 a t  t he  
V. Ya. Struve I n s t i t u t e  of Physics and Astronomy of the  Academy of Sciences 
of  the  Estonian SSR i n  Tartu [37]. The Center 's  t a sk  was the  methodological 
cont ro l  of  a l l  s t a t i o n s  tak ing  p a r t  i n  the p a t r o l  observat ions of noc t i lucent  
clouds, t h e  co l l ec t ion  and pre-processing o f  observat ions da t a  received from 
these  s t a t i o n s  and the  exchange of da t a  through the  World Data Center. 

L 
For 1964, t h e  SWGC obtained a t o t a l  of  1489 logs of observat ions (type 

I-SO-IQSY - In t e rna t iona l  Year of the  Quiet Sun) from 202 s t a t i o n s  throughout 
t h e  t e r r i t o r y  of the  USSR which were carrying on p a t r o l s  i n  accordance with a 
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s tandard  program from 1 March t o  1 November [38].  
t i ons  was t h a t  during the  intermediate  and dark phases o f  t w i l i g h t ,  t he  
observer would ca re fu l ly  scan the sky  every 15 minutes with the  objec t  of 
e s t ab l i sh ing  the  presence o r  absence of noc t i lucent  clouds and recording the  
s t a t e  of the  o v e r a l l  cloud cover. The observations a r e  c a r r i e d  on under any 
meteorological condi t ions.  

The na ture  of t hese  observa- 

The prel iminary processing of v i sua l  p a t r o l  observat ions cons i s t s  of t h e  
carefu l  evaluat ion of the  records from the monthly logs compiled by the  
observat ion stations and t h e  compilation o f  general  da t a  i n  decades f o r  each 
s t a t i o n  acm o the international form F-1-S and f o r  each appearance o f  
noc t i l ucen t  sccordhg t o  form F-2-S. 

f u t u r e  ana lys i s  t o  s tudy  t h e  time-space c h a r a c t e r i s t i c s  o f  t he  appearances o f  
noc t i l ucen t  clouds, and t h a t  a r a t h e r  large amount of  observat ional  mater ia l  
would be received, a f i l e  of punched cards containing observat ional  da ta  
w a s  e s t ab l i shed  a t  the  SWGC. Two versions of  t h e s e  cards were foreseen:  a )  
those containing the punched to t a l  da t a  f o r  each ind iv idua l  observation day 

Bearing' in d n d  that the material obtained would undergo more d e t a i l e d  

cofQiu t o  t h e  log  entries on t h e  form 1-SO-IQSY; 
da ta  cuncerning each ind iv idua l  case of t he  

50,000 cards for one observat ion per iod  f o r  the  
cent clouds are punched. The f i l e  f o r  t h i s  type information 

w i l l  consis  
USSR s t a t i o  

With respec t  t o  the  switch t o  f u l l  automation of processing v i s u a l  p a t r o l  
observat ions of  noc t i l ucen t  clouds,  the  SWGC recording the ind ica t ed  observa- 
t i o n s  i n  1965 a t  s t a t i o n s  i n  the  Soviet  Union w i l l  be conducted through the  
loading of marked punched cards.  Such a recording system and the  corresponding 
punched card  code w i l l  a i d  i n  the  f u t u r e  f u l l y  automated processing of observa- 
t i o n a l  d a t a  through the  use o f , a  reading keypunch machine and computer. 

/ 2 3  - 

The marked punched card i n  f a c t  amounts t o  a ques t ionnai re  which demands 

A t'yes'' answer t o  a 
simply a llyesll o r  "no" answer t o  each of i t s  quest ions.  
punched card  is  one such elementary quest ion (Figure 4) .  
given ques t ion  w i l l  be marked by penci l ing i n  t h e  corresponding ova l ,  with the  
un-darkened ova l  represent ing  a %o" answer. 
very convenient f o r  the  observer as wel l .  

Each oval on t h e  

This method of  "data entry" is  

Table 5 shows the number of appearances of noc t i l ucen t  clouds recorded 
by GUGMS (S ta t e  Ministry of t h e  Hydrometeorological Service) s t a t i o n s  throughout 
t he  USSR i n  1964. 

More d e t a i l e d  r e s u l t s  i n  the  p a t r o l  observations f o r  1964 w i l l  be publ ished 
ind iv idua l ly  a f t e r  the  observat ional  mater ia l  obtained have been f u l l y  
processed. 

The d a t a  from t he  s t a t i o n s  i n  o the r  count r ies  around the  world have been 
only p a r t i a l l y  represented because a t  present  f u l l  ana lys i s  on a g loba l  s c a l e  
i s  not y e t  poss ib le .  
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Figure 4. A Marked Punched Card f o r  Recording Visual Pa t ro l  
Observations of Noctilucent Clouds. 
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